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V. Conclusions 
Slurry with Best Composition for Repairing Flaws (Leaks) = Slurry 1 
• Binder/plasticizer ratio has most impact on functionality (4 was the highest 
value studied, increasing this may further improve functionality). 
• Slurry 1 most improved the functionality (up to 57.3% after 4 minutes). 
• Lower surface porosity corresponds to improved functionality. 
 
Application with Highest Functionality Improvement = Dip Coating 
• Dip and spray techniques are less controlled and localized than painting, yet 
dip coating improved functionality the most (32.4% improvement). 
• However, samples used in phase 2 had more defects than those in phase 1. 
More representative samples should be tested to confirm these results. 
VI. Future Work 
• Investigate effect of repair using slurries without binder, plasticizer, and 
dispersant (i.e., only ceramic and solvent). 
• Use full factorial design of experiments (DOE) with complete analysis of 
parameter variation. 
• Optimize slurry parameters with respect to application technique. 
Ceramic electrolyte thin-films are used in gas purification 
technologies where their mixed-conduction properties allow 
the selective diffusion of ions while also being electronically 
conductive. For this process to work, the films must be gas 
impermeable. 
 
Electrolyte Films 
Dense Film 
• Very thin (~50μm thick) 
• Separates oxygen from 
air 
 
Porous Layer 
• Structural support 
• Combines oxygen ions 
with natural gas 
 
Defects Arise During Production 
• Microcracks, pinholes, pores 
• Reduce purity of product 
 
Project Goal: 
 Determine an optimal method 
for making post-production 
repairs to electrolyte films. 
I. Introduction 
Phase 1: Slurry Optimization 
• Slurry 1: 0.56% porosity 
• Slurry 2: 1.99% porosity 
• Slurry 3: 3.56% porosity 
IV. Results 
Locating Defects 
Bubble Test: 
• Submerge in water 
• Apply 10 - 15 psi 
(internal pressure) 
• Drives air bubbles 
through flaws in film 
• Circle flaws with pencil 
 
 
 
Analyzing Functionality 
Porosity Percentage:  
𝑎𝑟𝑒𝑎 𝑜𝑓 𝑝𝑜𝑟𝑒𝑠 (𝑤ℎ𝑖𝑡𝑒)
𝑎𝑟𝑒𝑎 𝑜𝑓 𝑖𝑚𝑎𝑔𝑒
∗ 100% 
• Use MATLAB to create “binary” image of micrograph 
• Calculate percentage of pores per unit area 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Vacuum Decay Test: 
1. Pull vacuum on sample 
2. Turn off pump 
3. Measure rising pressure 
over time. 
III. Experimental 
Functionality of Repair: 
• Gas-leak rate 
Phase 1: Slurry Optimization 
• Best 3 slurries of 43 evaluated (all 3 have binder/plast. = 4) 
• Slurries painted to samples then sintered (other 
applications tested in Phase 2) 
 
 
 
 
 
 
Phase 2: Application Techniques 
 
 
 
 
 
 
 
 
• Dip Coating 
II. Approach 
• Spin Coating 
 
 
 
 
 
 
• Spray Deposition 
Slurry # 
Dispersant/ 
Ceramic 
Binder/ 
Plasticizer 
Binder/ 
Ceramic 
Solids 
Content 
1 0.010 4 0.060 50% 
2 0.010 4 0.080 20% 
3 0.005 4 0.040 50% 
Phase 2: Application Techniques 
• Spin coater not viable, breaks 
samples (no data collected) 
• Painting is more localized than 
spray and dip techniques. 
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• Painting 
Schematic showing how dense electrolyte films separate 
oxygen from air which then reacts with natural gas, forming 
syngas. These films are mounted on porous substrates. 
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SEM micrographs show slurries sintered to a sample. These are shown above their 
corresponding binary negatives, used to calculate porosity. (white indicates porosity) 
Leak Flow 
Pressure Gauge 
(Torr) 
Schematic of the vacuum decay apparatus used to test functionality of the samples. 
The pressure was recorded at either 5 or 10 second intervals. 
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